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Abstract top 

Objective: To determine the safety and efficacy of BAY times 
1351 , a murine monoclonal antibody to recombinant human 
tumor necrosis factor (TNF)-alpha, in patients with sepsis. 

Design : An international, multicenter, prospective, placebo- 
controlled trial in patients with sepsis, stratified into 
shock/nonshock groups. 

Setting: Forty acute clinical care facilities in 14 countries. 

Patients: Of the 564 patients enrolled in the study, 553 
patients received study drug or placebo. 

Interventions: Patients received 15 mg/kg or 3 mg/kg of BAY 
times 1351, or placebo, as a single intravenous infusion. 

Measurements and Main Results: The patients were well 
matched for severity of illness and for risk factors known to 
influence the outcome of sepsis. There was no difference in 
28-day mortality rates between groups (placebo group 66 
[39.5%] of 167; 3 mg/kg group 57 [31.5%] of 181; 15 mg/kg 
group 87 [42.4%] of 205). Approximately 9 months after this 
study had begun, an interim safety examination of 
NORASEPT, a North American Sepsis Trial using the same 
monoclonal antibody, indicated that there was no benefit to 
patients in the nonshock group and further enrollment of 
these nonshock septic patients into INTERSEPT was 
stopped. The analysis therefore focused on the 420 patients 
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in shock. The primary efficacy variable was the 28-day, all- 
cause mortality rate: placebo group 57 (42.9%) of 133; 3- 
mg/kg group 51 (36.7%) of 139; and 15-mg/kg group 66 
(44.6%) of 148 (not significant). Two secondary efficacy 
variables were identified prospectively: shock reversal and 
frequency of organ failures. Life-table analysis showed that in 
patients who survived 28 days, there was a more rapid 
reversal of shock in both treatment groups compared with 
placebo (15-mg/kg group vs. placebo group log-rank statistic 
p = .007, 3-mg/kg group vs. placebo group p = .01). Similarly, 
in patients surviving 28 days, there was a significant delay in 
the time to the onset of first organ failure (log rank 15 mg/kg 
vs. placebo p = .03, 3 mg/kg vs. placebo p = .07), and more 
patients in the placebo group developed at least one organ 
failure: 15-mg/kg group 33 (40.2%) of 82; 3-mg/kg group 39 
(44.3%) of 88; and placebo group 45 (59.2%) of 76 (1 5 mg/kg 
vs. placebo p = .03, 3 mg/kg vs. placebo p = .06). No 
significant adverse events were associated with the 
monoclonal antibody treatment. 

Conclusions: INTERSEPT provides additional clinical data implicating TNF-alpha as an integral mediator of septic 
shock. The study suggested a possible role for anti-TNF antibody as adjunctive therapy, but this possibility requires 
confirmation by another clinical trial. 

(Crit Care Med 1996; 24:1431-1440) 

Sepsis is a syndrome characterized by infection, organ hypoperfusion, and a mortality rate of approximate 35% [1]. 
Despite the fact that the process is initiated by infection, conventional antimicrobial therapy has had only limited 
success in reducing this mortality rate, in part because much of the tissue injury results from inappropriate and 
uncontrolled host responses. During the last 10 yrs, it has become clear that microbial components, such as 
endotoxin (lipopolysaccharide), activate a complex network of mediator cascades, and it is these mediators that, 
directly or indirectly, cause organ failure [2]. The recognition of the role of these systems in causing the sepsis 
syndrome has been the impetus behind attempts to develop novel approaches to therapy based on neutralizing or 
subverting these inappropriate responses [3]. 

Several lines of evidence suggested that tumor necrosis factor (TNF)-alpha was a particularly important mediator of 
sepsis. TNF-alpha has been found in the serum of septic patients, and has been, at least in some cases, correlated 
with the severity of this disease [4,5]. Injection of endotoxin in humans caused an increase in circulating TNF-alpha 
concentrations coincident with physiologic changes such as fever and tachycardia [6], and, in animals, injection of 
TNF-alpha reproduced the hemodynamic features seen in septic patients [71- Finally, in a variety of experimental 
models, antibodies to TNF-alpha prevented death after endotoxin or live bacterial challenge [8-12 ). These and other 
data set the scene for studies of anti-TNF antibodies in patients. 

Several phase I and II studies [13-16] showed that murine monoclonal antibodies to TNF-alpha could be given 
safely to patients with sepsis, and these studies provided pharmacokinetic data that were helpful in determining an 
appropriate dose. The results were sufficiently encouraging that two phase ll/lll trials were initiated. Both studies 
used the same antibody, BAY times 1351, a murine monoclonal antibody to TNF-alpha, and both used the same 
study design in which two treatment groups were compared with a placebo. However, in the first study £171, called 
NORASEPT (North American Sepsis Trial), the treatment groups received either 7.5 or 15 mg/kg of the antibody, 
while in INTERSEPT (International Sepsis Trial), the 7.5-mg/kg dose was replaced by a 3-mg/kg dose. In all other 
respects, the protocols used for the two studies were the same. 



MATERIALS AND METHODS top 



Study Design, top 

The study was an international, multicenter, prospective, randomized, placebo-controlled double-blind trial of anti- 
TNF antibody in patients with sepsis. It started in May 1991 , 6 months after the start of NORASEPT, and finished in 
July 1993. The protocol was approved by the Institutional Review Boards of each participating center, and by the 
independent European Ethical Review Committee, Leuven, Belgium. Informed consent was obtained from all 
patients or their relatives. During the entire period of evaluation, patients received full intensive care management, 
including fluid resuscitation, vasopressors, ventilatory support, parenteral antimicrobial agents, and appropriate 
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surgica. management, including drainage of ; septic : foci patients ^S^^V^t^^io <90 
according to whether they had shock f Sh^^d^«^w*^J*^^« ^challenge, with 

whichever was sooner, 
patients in shock. 

Patient Selection, top 

from baseline), hypoxemia when not due to pneumonia (Pa0 2 <75 torr [<10 kPa] or Hau^i-iu 2 o 

^04.9 kPa] or an acute XS2S£SS 
base defiat >or=to^ or prolongation in par t ia . 

c) uncontrolled nemorrn g hi|s/L patients who had re ceived pentoxifylline during the preced.ng 48 

^^SS^^ZX^^ (or 9lucocorticoid equiva.ent), were excluded from the study. 

Study Drug, top 

BAY times 1351 (Bayer Corporation, Berkeley, CA) is an immunoglobulin G, murine monoclonal antibody to TNF- 
alpha that was purified from murine hybridoma ^^SS! ffl^pnSSSS^^ 

aspect of patient management. 

Clinical Evaluation, top 

.nvestigators classified the severity of the undenting disease ^SS^^S wft 

, . „ JL FOil nman/Qv^tPm failure was assessed in ine with recommendations Dy i ran tu <ai l^j. » <^ 

Sp^^^ composed of both critical care and infectious disease phys.cans, 
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evaluated each case record form to determine whether antimicrobial therapy had been appropriate. This 
determination was based on a comprehensive review of the susceptibility of the organisms(s) causing the infection 
(s), the type and dosage of the antimicrobial therapy given, and the medical and surgical management of the 
infective condition. 

Measurement of Tumor Necrosis Factor-alpha and lnterleukin-6. top 

TNF-alpha concentrations were measured by enzyme-linked immunosorbent assay (Medgenix, Fleurus, Belgium), 
following the manufacturer's recommendations. The lower limit of sensitivity was 15 pg/mL In vitro studies with 
pooled normal human plasma confirmed that the detection of spiked recombinant TNF-alpha was unaffected by the 
presence of recombinant, soluble, p55 TNF receptor. The addition of 200 micro gram/mL of BAY times 1351 
inhibited 95% to 99% of TNF-alpha induced by 20 micro gram/mL of endotoxin from human whole blood in vitro. 

Interleukin (IL)-6 concentrations were determined by bioassay 123], with a lower limit of detection of 40 to 60 pg/mL 

Analytical Plan, top 

The primary efficacy variable was deemed to be the time from study drug infusion to death from all causes at 28 
days, by log-rank analysis. Within each planned analysis, a Bonferroni-Holm procedure was used to account for the 
double comparison of low-dose and high-dose vs. placebo. To determine sample size, we assumed a 26% placebo 
mortality rate 118] and calculated that enrolling 960 patients would have 80% power at p = .023 for detecting a 40% 
reduction in mortality rate. 

Secondary efficacy variables were defined in patients who survived to day 7, and in the subset of this group who 
.survived to day 28. We wished to determine the proportion of patients who had no organ failure at the time of 
infusion and in whom organ failure subsequently developed, and also patients who had either shock or organ failure 
that subsequently reversed. 

The statistical analysis was planned prospectively and was carried out on the intent-to-treat population (i.e., on all 
randomized patients who received the study drug). All statistical tests were two tailed. No adjustments were made 
for multiple comparisons of secondary efficacy variables. Therefore, reported p values should be interpreted with 
caution. Continuous variables were analyzed by analysis of variance or Kruskal-Wallis tests. Categorical data were 
analyzed by Cochran-Mantel-Haenszel tests. Time to an event was analyzed by survival analyses (log rank and 
Wilcoxon scores). Because this was a multicenter study, all tests (except nonparametric procedures) were adjusted 
for geographical region (a region was a cluster of centers) by adding region as an additional dimension to the 
contingency tables and generating a summary statistic. The population of all infused patients was also adjusted for 
the shock status at time of enrollment. Primary and secondary variables were also tested without adjustment for 
region, and the results are provided in this article as supportive analyses. 

Since the TNF-alpha and IL-6 concentrations were not normally distributed, the data are presented as median (25% 
to 75% range). 

RESULTS top 

All Infused Patients, top 

The decision in July 1992 to halt enrollment of patients in the nonshock system meant that fewer patients were 
enrolled in the study than the 960 originally planned. Thus, at the end of the study, we had enrolled 564 patients 
from 40 centers in 14 countries. Eleven patients did not receive the study drug because it was not available in time, 
consent was withdrawn, or a pregnancy test was positive. Monoclonal antibody was given as a 15-mg/kg dose to 
205 (37.1%) patients and as a 3-mg/kg dose to 181 (32.7%) patients, while 167 (30.2%) patients were given 
placebo. There were no significant differences between the three groups with respect to age, gender distribution, 
nature or severity of underlying disease, or microbiological characteristics of the infections, indicating that they were 
well matched in terms of those factors recognized as having an important influence on the outcome of sepsis. The 
baseline APACHE II scores were 22.2 +/- 7.3 (SD), 21.4 +/- 7.7, and 23.3 +/- 7.5, respectively, for the high-dose, 
low-dose, and placebo groups. The difference between the low-dose and placebo groups was statistically significant 
at p = .03. Of particular note, we obtained preinfusion plasma from 504 (91%) patients for measurement of cytokine 
concentrations. We found that 86.4% of patient samples had a baseline plasma TNF-alpha concentration of 
>or=to15 pg/mL, and 93.7% of patients had a baseline IL-6 concentration of >or=to60 pg/mL Both preinfusion and 
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1-hr postinfusion plasma TNF-alpha concentrations were available in 178, 157, and 153 patients in the 15 mg/kg, 3 
mg/kg, and placebo groups, respectively. The median (25% to 75% range) preinfusion plasma TNF-alpha 
concentrations were 102 (39 to 281 ), 69 (30 to 206), and 68 (38 to 166) pg/mL, for the 15 mg/kg, 3 mg/kg, and 
placebo groups, respectively. One hour after infusion, the TNF-alpha concentration had decreased significantly to 
7.5 (7.5 to 7.5) and 7.5 (7.5 to 54) pg/mL for the high-dose and low-dose groups, respectively, but was unchanged in 
the placebo group at 70 (38 to 168) pg/mL (p = .0001 for each comparison). The reduction in plasma TNF 
concentrations was significantly greater in both treatment groups compared with placebo (p = .0001). Furthermore, 
the decrease in the 15-mg/kg group was significantly (p = .0001) greater than that decrease seen in the 3-mg/kg 
group. Similarly, IL-6 concentrations were available in 185, 165, and 153 patients, and preinfusion concentrations 
were 2.41 (0.75 to 18.35), 2.1 (0.63 to 12.44), and 2.13 (0.62 to 13.16) ng/mL, respectively. The 1-hr postinfusion IL- 
6 concentrations were not affected. 

The 28-day, all-cause mortality rate for the cohort of 553 infused patients is shown in Table 1 . The overall placebo 
mortality rate was 39.5% (66/167). The mortality rate in the 3-mg/kg group was 31.5% (57/181), a reduction of 
20.3%. In the 15-mg/kg group, the mortality rate was 42.4% (87/205), an increase of 7.3%. Neither of these changes 
was statistically significant. There were no significant differences between the survival rate curves of the three 
groups (log-rank analysis 3 mg/kg vs. placebo, p = .19) (Figure 1 . top). Life-sustaining measures were either 
withheld or withdrawn from 14, 12, and 9 patients in the high-dose, low-dose, and placebo groups, respectively; all 
of these patients died. 




Table 1. Twenty-eight-day, all-cause mortality rates in patients who received 15 c 
of murine monoclonal antibody to recombinant human tumor necrosis factor-alph; 
times 1351) or placebo. 



Fi g ure 1 . Top: Kaplan-Meier survival plot for all infused patients. The p values, 
^1^--.., adjusted (and unadjusted) for region, were: 15 mg/kg vs. placebo-log rank 0.48 

tessss (0.52), Wilcoxon 0.54 (0.59); 3 mg/kg vs. placebo«log rank 0.41 (0.19), Wilcoxon 
0.39 (0.22). Bottom: Kaplan-Meier survival plot for patients in shock. The p values, 
adjusted (and unadjusted) for region (a region is a cluster of centers), were: 15 
- ■ mg/kg vs. placebo-log rank 0.69 (0.77), Wilcoxon 0.69 (0.82); 3 mg/kg vs. 

r . placebo-log rank 0.63 (0.38), Wilcoxon 0.62 (0.48). 



^5S 



Patients in Shock: Demographics, top 

There were 420 patients in shock at the time of randomization. Detailed comparison of factors that influence 
outcome from sepsis showed that the groups were well balanced Table 2 . The mean duration of shock before 
infusion for the high-dose, low-dose, and placebo-treated patients was 1 1 .4, 10.1 , and 9.8 hrs, respectively (p 
= .86). The three most common sites of infection were the lower respiratory tract (23.5%), intra-abdominal cavity 
(23.4%), and bloodstream (22.8%), and the distribution of the infection sites did not differ between groups Table 3 . 
The infection site was microbiologically documented in 76.7% of patients. For all treatment groups combined, 29.2% 
of patients had a Gram-negative infection alone, 23.9% had Gram-positive infection alone, and 21 .7% had mixed 
Gram-positive and Gram-negative infections, and these patients were equally distributed within the three groups 
Table 4 . Of all patients, 38.3% were bacteremic (Gram negative 47.2%, Gram positive 33.5%, Gram negative plus 
Gram positive 5.6%, fungi 4%, others/other combinations 9.7%). The protocol required that patients have evidence 
of organ/system hypoperfusions or dysfunction at time of randomization, and 60% of patients had two or three 
organ/systems involved. The three most common abnormalities noted were increase of plasma lactate concentration . 
or evidence of metabolic acidosis (74%), oliguria (59%), and hypoxemia (58%). There were no significant 
differences in the number or type of organ/system hypoperfusion between the three groups (data not shown). 
Surgery was performed within 3 days before infusion in 42%, 42%, and 41% of the patients in the high-dose, low- 
dose, and placebo groups, respectively. 
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Table 2 . Baseline characteristics of patients in shock who received 15 or 3 mg/kg 
monoclonal antibody to recombinant human tumor necrosis factor-alpha (BAY tin 
placebo. There were no patients in the McCabe and Jackson rapidly fatal group, 
patients had no underlying condition 



Table 3 . Distribution of infection sites for patients in shock who received 15 or 3 n 
murine monoclonal antibody to recombinant human tumor necrosis factor-alpha ( 
1351) or placebo 



Table 4 . Distribution of causative organisms in patients in shock who received 15 
of murine monoclonal antibody to recombinant human tumor necrosis factor-alph; 
times 1351) or placebo 



Profusion plasma concentrations (median [25% to 75% range]) of both TNF-alpha and IL-6^ wer > higher n shock 
oatients (n = 379) than in patients not in shock (n = 125): shock TNF-alpha concentration of 83 (40^ to 252) pg/mL 
shock L-6 concentration 5 2.86 (0.77 to 23.47) ng/mL; nonshock TNF-alpha concentrate of 55 (2 to 124) pg/mL, 
nonshock IL-6 concentration of 1.2 (0.4 to 4.7) ng/mL. These differences were statistical y significant P = -0005 for 
the comparison of TNF concentrations, and p = .0001 for the companson of IL-6 concentrates. One hour j after 
nfus7on P plasma TNF-alpha concentrations (pg/mL) had decreased in the two ^^^'^^^^ 
group: placebo group 70 (37 to 183) to 71 (41 to 214) (n = 121); 3-mg/kg group 82 (40 to 271) to 17 (7.5 to 70) (n - 
119, p = .0001); 15-mg/kg group 119 (45 to 315) to 7.5 (7.5 to 16) (n = 127, p = .0001). 

Outcome, top 

The 28-day, all-cause mortality rate was 42.9% (57/133) in the placebo group In the low-dose group the > morta jity 
rate was 36 7% (51/139), a reduction of 14.5%, while in the high-dose group, the mortality rate was 44.6% (66/148), 
an inciaseof 4%- neither of these differences was statistically significant Table 1_. Furthermore, there were no 
^n^dlren^bLeen the survival rate curves of the three groups (log-rank analysis 3 mg/kg vs. placebo, p 
= .63 region adjusted, p = .38 unadjusted for region) (Figure 1, bottom). 

Examination of the survival rate, based on APACHE II scores at the time of enrollment, showed that scores of 
<o%to 24 were associated with a greater reduction in the 28-day mortality rate m the 3-mg/kg i group than scores of 
>2? 30 (36%) of 84, 1 8 (22%) of 82, and 25 (35%) of 72 compared with 36 (56%) of 64, 32 (57%) of 56, and 31 
(53%) of 59 for the 15-mg/kg, 3-mg/kg, and placebo groups, respectively. A comprehensive multivariate analysis will 
be reported separately. 

Shock Reversal, top 

The prospectively defined efficacy analysis stated that we wished to compare "patients who survive 
and L subset of these patients who survive through day 28" to determine the proportion of patients in whom shock 
reversal occurred Only first episodes of shock were included in the analysis. The numbers of patients in whom 
.^raS^fo 7 days a'fter infusion were: 85 (78%) of 109. 81 (78.6%) of 103, " ^ * 9 ™ the 
15-mg/kg, 3-mg/kg, and placebo groups, respectively. The p value for the comparison of either treatment with 
placebo is 0.15 The same effect is apparent when comparing the subgroup of patients who surv.ved 28 days, life- 
iable analysis showed a clear separation, in particular between the high-dose group and the placebo group The 
more rapid reversal of shock was statistically significant for both dose groups (15 mg/kg vs. placebo log rank p 
= .007; 3 mg/kg vs. placebo p = .01 , Figure. .2, Tab.!e_5. 

Figu re 2 . Kaplan-Meier plot showing time to reversal of shock for patients 
with shock at the time of randomization and infusion, surviving 28 days. 
Table 5 shows the number of patients in each group at risk for the event on 

http://ww.ccmjo 8/8/2006 



•Critical Care Medicine - Fulltext: Volume 24(9) September 1996 p 1431-1440 lNTERSE... Page 7 of 18 



days 0, 7, 14, and 28. The p values, adjusted (and unadjusted) for region 
+»***~ m ZZZZ* (a regionis a cluster of centers), were: 15 mg/kg vs. placebo-log rank 

°* tff^*^ 0 003 (0.0071 Wilcoxon 0.005 (0.01 ); 3 mg/kg vs. placebo-log rank 0.03 



*j &r (0.01 ), Wilcoxon 0.03 (0.04). 



^ Table 5 . Number of patients in each group (1 5 or 3 mg/kg of murine monoclonal j 

recombinant human tumor necrosis factor-alpha [BAY times 1351] or placebo) at 

* ? H 29 shock on days 0, 7, 14, and 28 

Plocdb© « IB II if 



Organ System Failure, top 

Regardless of the patients' baseline organ failure status, the number of patients developing at least one organ 
failure during the 28-day study period was as follows: 15-mg/kg group-75 (50.7%) of 148; 3-mg/kg I group-74 (53 2%) 
of 139- placebo group-83 (62.4%) of 133 (3 mg/kg vs. placebo p = .16, 15 mg/kg vs. placebo p = .07). When on y 
those patients who survived the full 28 days are considered, the following number of patients ^f?^*^™* 
organ failure: 15-mg/kg group-33 (40.2%) of 82; 3-mg/kg group-39 (44.3%) of 88; placebo group-45 (59.2%) of 76 (3 
mq/kq vs placebo p = .06, 15 mg/kg vs. placebo p = .03). Of the six organ/system failures identified prospectively, 
the category "pulmonary, nonacute respiratory distress syndrome" occurred most frequently, probably a reflection 
of the fact that the criteria for this category are relatively easy to satisfy (e.g., tachypnea of >or=to50 breaths/min, or 
mechanical ventilation for >or=to3 days). Similarly, disseminated intravascular coagulation was the second most 
common system failure, and this diagnosis too required only rather modest changes in platelet count and 
coagulation times. Nevertheless, comparison of the three groups showed that the overall frequency of organ system 
failure was greater in the placebo group for all categories as compared with the 3-mg/kg group, and for all but one 
category when compared with the 1 5-mg/kg group Table 6 . In addition, life-table analysis allowed comparison of the 
rate at which the organ failures developed. Figure 3 shows a significant delay to the time of onset of first organ 
failure in patients surviving 28 days in the treatment groups (log-rank statistic, 15 mg/kg vs. placebo p - .03, 3 mg/kg 
vs. placebo p = .07) Table 7 . 



Table 6 . Development of organ failure among patients in shock who received 1 5 i 
— ^ mU rine monoclonal antibody to recombinant human tumor necrosis factor-alph; 



times 1351) or placebo, and who survived 28 days 



Figure 3 . Kaplan-Meier plot showing the time to onset of the first 
organ/system failure in patients with shock who did not have that 
organ/system failure at baseline and surviving 28 days. Table 7 shows the 
• i number of patients in each group at risk for the event on days 0, 7, 14, and 

| TA r ^^^^^w^ 28 The p values, adjusted (and unadjusted) for region, were: 1 5 mg/kg vs. 

i Si ~ placebo-log rank 0.03 (0.03), Wilcoxon 0.03 (0.03); 3 mg/kg vs. placebo- 

log rank 0.08 (0.07), Wilcoxon 0.06 (0.07). 



mo* Table 7 . Number of patients in each group (1 5 or 3 mg/kg of murine m onoclonaU 



— recombinant human tumor necrosis factor-alpha [BAY times 1351] or placebo) at 
JL organ/system failure on days 0, 7, 14, and 28 



ifi:Bt£fcg aa 03 <s «i 

$ffi©%$ 8fc 52 49 4& 

Ftttxbo 78 UB 35 31 
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Another indication of the effect of an intervention in sepsis might be given by the frequency with which organ failures 
fesoved On measure of this frequency is shown in TabJeS as the proportion of patients in whom an organ faHure 
wa oTesen I/baseNne and subsequently resolved, without recurrence. Here there are only two categories with 
rmberslrqe enough to merit examination: pulmonary nonacute respiratory distress syndrome and disseminated 
ISn^fcKSS^- « ^ese categories, a slightly greater proportion of patients in the BAY times 1351-treated 
groups than in the placebo group have resolution of organ failure. 

Table 8 Resolution of organ failure among patients in shock who received 15 or ; 
murine monoclonal antibody to recombinant human tumor necrosis factor-alpha ( 
1351 ) or placebo, and who survived 28 days. 



Outcome by Infecting Organism, top 



r.w Q roii th 0r( , «,PrP no differences in mortality rates between the three groups for patients in whom infection had 
^SS^SS cSm'd and in tho?e patients with only clinically documente d infections i(aa ta-t shown). 
W ?J£££3w interested to determine whether the type infection ^ne^ on ou^. F« prt«rtte 
with m.rP Rram-neoative infections the proportion of patients dying was 1 1 (40.7%) of 27, 1 1 (34.4 /o) ot si, ana n i 
S 4% o r5TnShK!?tow^ose. and placebo groups, respectively. For patients with pure Gram-pos, ive 
(31 AM) ot in tne nign are*. w . h (52.4%) of 21 , respectively. Similar analyses 

3r Sby paTent, demonstrated no statistically significant differences between the three groups (data not 
shown), although the numbers involved were small. 



Safety, top 



For all infused patients, adverse events were reported for 66 (32.2%) of 205 patients treated with 15 ™f^f<" 
times 1351 54 (29 8%) of 181 patients treated with 3 mg/kg of BAY times 1351 , and 48 (28.7/.) of 1 67 patients 
Sine TDlacebo Fewer than half of the adverse events were considered by investigators to be possibly or 
SrJdmr^a^nd tS differences between the groups were not significant. A serum sickness-l.ke react,on 
occurred in three pafients deceiving the high dose of the antibody, and transient hypotension (usually during the 
infus^n oHhe ^drugTwas reported in 16, nine, and nine patients in the high-dose, low-dose, and placebo groups, 
resp^lTThe^ were no other differences between the active and placebo groups. Approximately 90% of 
patients receiving monoclonal antibody developed human antimouse antibodies. 

iinrfer nhvsioloaic conditions TNF-alpha participates in normal host defenses against infection. Therefore it was 
tSSn^M^^TSuBe of the anti-TNF monoclonal antibody had any effect on the clinical or bactenolog,cal 
Tsoonse of the baselL infection, or on the development or resolution of secondary infections. The proportion of 
M?lnfedSin1^!^ing clinically and bacteriologically was not different between the three groups of aH 
fnfused Datiemrnor were there any differences in the number of patients developing a secondary infection (36.1%, 
38 7 o/„ ana 39 5% f°rthe S dose, low-dose, and placebo groups, respectively). Furthermore, for secondary 
fnfectton fha we .re , ^biologically documented, there were no differences between the three groups ,n the 
proportions o sT^ndary infections that were bacteriologically eradicated. Preliminary analysis gives no indication 
Ert the ! antibody was associated with an increase in infections caused by intracellular organisms. 

DISCUSSION top 

The Drincipal finding of this study was that in patients with septic shock, administration of an anti-TNF-alpna 
Sal Sbody did not reduce the 28-day, all-cause mortality rate. In patients receiving the low dose of ant,- 

Whv did INTERSEPT show a beneficial effect on shock reversal and organ failure but no significant reduction in the . 
^STr^S^i TZposZe explanations merit consideration. First, the effects may have been of .nsufficient 
maqn u™ to be translated into a measurable effect on the mortality rate. Second, it can be argued that the study, as 
3 evenSalfy done was not of sufficient power. The initial plan called for the enrollment of nearly 1 ,000 

htt P ://www.ccmjoumalW^ 8/8/2006 



•Critical Care Medicine - Fulltext: Volume 24(9) September 1996p 1431-1440 INTERSE... Page9of 18 



evaluable patients. However, after the decision to study only patients with shock, it was decided that simply 
extending the trial would have been impracticable. As a result, the shock cohort of 420 patients was too small to 
demonstrate statistically significant reductions in the mortality rate, although trends in that direction are seen. The 
effects of the treatment on the secondary end points (shock reversal and organ failure) need to be interpreted wtth 
caution First although these end points were prospectively defined, it might be argued that we should have used 
more rigorous tests of statistical significance. Second, the data were censored, i.e., they excluded patients who died 
before they might have reached the secondary end point. While this situation tends to highlight secondary effects, 
the inclusion of patients who died may be equally misleading by obscuring potentially important data. There is no 
consensus in the scientific community as to the most appropriate method of analysis for these types of data, but we 
believe our interpretation to be valid, although with limitations. 



The results from both INTERSEPT and NORASEPT suggest that in patients with shock, there is no additional 
survival benefit from using the high-dose regimen compared with the low-dose regimen. In NORASEPT, there was 
an early effect on survival that was not seen in INTERSEPT. However, in other respects, the results of the two 
studies were generally consistent for the low-dose groups. For example, the 28-day mortality rates for patients in 
shock in INTERSEPT and NORASEPT, respectively, were: low-dose monoclonal antibody 36.7% and 37.8% vs. 
placebo 42 9% and 45.6%. The low dose used in INTERSEPT was less than half the low dose used in NORASEPT, 
raising the question of whether still lower doses might be worth evaluation. In INTERSEPT, both the high- and low- 
dose groups were more beneficial than placebo in their effects on shock reversal and organ failure, but there was no 
apparent survival advantage in the high-dose group, despite the greater decrease in TNF concentrations achieved. 
The reasons for this finding are unclear, but may again be a result of small sample size or reflect the possible 
harmful consequences in some patients of excessive neutralization of TNF. Finally, if the analysis of INTERSEPT is 
based only on those patients in shock who were assessed to be in full compliance with the study protocol (the so- 
called valid cohort, which was 85.5% of all infused shock patients), the reduction in the mortality rate relative to 
placebo for the low-dose anti-TNF regimen is enhanced, whereas the mortality rate for the high-dose regimen 
increases' 15-mg/kg group 58 (46.0%) of 126; 3-mg/kg group 40 (33.6%) of 119; placebo group 47 (41.2%) of 114 
(log-rank statistic 3 mg/kg vs. placebo p = .46 region adjusted, p = .23 unadjusted for region). For all infused 
patients, the major reasons for invalidity were: a) onset of sepsis >16 hrs before infusion (n = 22); b) no clear 
evidence of infection (n = 20); c) absence of temperature abnormality (n = 14); d) no evidence of organ 
hypoperfusion (n = 7); and e) patient was receiving corticosteroids or pentoxifylline (n - 7). 



Although we have focused on patients with shock, we have presented a summary of the results in the entire group 
because we are aware the entire group data will be of interest. The results in the nonshock group merit a brief 
comment Because TNF-alpha is a natural part of host defenses against infection, there was some concern that 
excessive or prolonged neutralization might be harmful. Table 1 shows that in nonshock patients, there was an 
increase in the mortality rate in the 15-mg/kg group (36.8% vs. 26.5% in the placebo group). This difference was not 
statistically significant, although it mirrored the effect seen in the NORASEPT trial for nonshock patients, and was 
the reason that further enrollment of these patients was halted. Examination of the case record forms from these 
patients does not show a single cause of death occurring with undue frequency, and it is impossible to be certain if 
patients receiving the high-dose regimen would have had a significantly higher mortality rate if enrollment had 
continued. lableJL also shows what appears to be a very marked reduction in the mortality rate for nonshock 
patients in the low-dose group of INTERSEPT, almost certainly a consequence of the small numbers in this ceil. 

Epidemiologic studies [24,251 of patients with shock confirm that Gram-negative and Gram-positive infections occur 
with almost equal frequency, and cause similar morbidity and mortality. Since there were experimental data showing 
that TNF-alpha might be a mediator common to both groups of organisms {26], we were particularly interested to 
see if the underlying infection influenced the efficacy of anti-TNF. No differences were found, a result of some 
practical importance, since, if the agent were shown to be of benefit, there might be no need for preliminary 
screening of patients to try and identify, on clinical grounds, subgroups with particular microbiological characteristics. 



Despite concerns that neutralizing TNF might impair host responses, there was no increase in secondary infections 
in the active treatment groups, nor any suggestion of a delayed response to infection. Furthermore, there was no 
indication that intra-abdominal infections fared worse than infections at other sites, as had been suggested by some 
preclinical data [271. Treatment with anti-TNF monoclonal antibody was without significant toxicity, although, not 
surprisingly, almost all patients developed antimouse antibodies. It remains to be seen if these antibodies cause any 
difficulties, but, in the future, it may be possible to avoid the problem by using "humanized" antibodies [28], 



During the last 3 yrs, several large clinical trials of adjunctive therapy have been performed in patients with sepsis 
(reviewed by Lynn and Cohen [3]). These trials have included studies of monoclonal antibodies to endotoxin, 
pharmacologic inhibitors of platelet-activating factor, and naturally occurring cytokine inhibitors such as IL-1 receptor 
antagonist In each case, a body of experimental data implicated the target molecule as a mediator of sepsis. 
However, when the clinical data were analyzed, efficacy could only be demonstrated in subsets of patients, some of 
which were identified retrospectively. When these studies were repeated, it was not possible to confirm the initial 
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findings. The failure of INTERSEPT and other trials of adjunctive agents in sepsis to significantly reduce mortality 
has raised a number of important questions about our understanding of the pathogenesis of sepsis 129]. Is it due to 
a fundamental flaw in the approach? Is it naive to imagine that blocking or neutralizing just one component of a 
complex pathway will be sufficient to substantially alter the mortality rate of a syndrome that occurs, for the most 
part, in patients with severe and often life-threatening underlying disease? Alternatively, are there problems with the 
trial 'design? Were our initial expectations of a therapeutic benefit too optimistic, and therefore, the studies 
underpowered to detect lower-but perhaps still clinically meaningful-reductions in the mortality rate? Are the criteria 
for septic shock specific enough, and are we selecting the right patients? Are we using the correct dose, and have 
we considered the possible need for multiple doses? Some have argued that the 28-day mortality rate alone may 
not be the only valid end point, and that measures of morbidity may provide additional information. These issues 
need to be resolved and a consensus needs to be reached if progress is to be made. Meanwhile, INTERSEPT 
provides important clinical data confirming the experimental evidence implicating TNF-alpha as a central mediator of 
sepsis. The therapeutic applicability of these data needs to be confirmed by another large trial of monoclonal anti- 
TNF, and this trial is currently in progress. 
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monoclonal antibody to recombinant human tumor necrosis factor-alpha (BAY times 1351) or placebo 
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. Top: Kap.an-Meier survival plot for a.l infused patients. The p values adjusted (and ^^£^ 3 ^ 
nlaceho-loe rank 0 48 (0 52), Wilcoxon 0.54 (0.59); 3 mg/kg vs. placebo-log rank 0.41 (0.19), Wilcoxon 0.39 (0.21). Bottom 

Plot for patients in shock. Tne p values, adjusted (and unadjusted) ^^^Z^^g^M 
were: 15 mg/kg vs. placebo-log rank 0.69 (0.77), Wilcoxon 0.69 (0.82); 3 mg/kg vs. placebo-log rank 0.63 (0.38), W.lcoxon 0.62 

(0.48). 
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. Kaplan-Meier plot showing time to reversal of shock for patients with shock at the time 
of randomization and infusion, surviving 28 days, shows the number of patients in each 
group at risk for the event on days 0, 7, 14, and 28. The p values, adjusted (and 
unadjusted) for region (a region is a cluster of centers), were: 15 mg/kg vs. placebo-log 
rank 0.003 (0.007), Wilcoxon 0.005 (0.01); 3 mg/kg vs. placebo-log rank 0.03 (0.01), 
Wilcoxon 0.03 (0.04). 
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. Kaplan-Meier plot showing the time to onset of the first organ/system failure in patients 
with shock who did not have that organ/system failure at baseline and surviving 28 days, 
shows the number of patients in each group at risk for the event on days 0, 7, 14, and 28. 
The p values, adjusted (and unadjusted) for region, were: 15 mg/kg vs. placebo-log rank 
0.03 (0.03), Wilcoxon 0.03 (0.03); 3 mg/kg vs. placebo-log rank 0.08 (0.07), Wilcoxon 
0.06 (0.07). 
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CMH, Cochran-Mantel-Haenszel. 

The region-adjusted 95% confidence intervals for the difference in mortality rates for the 
shock cohort are: 3 mg/kg vs. placebo (-16.7%, 5.7%) and 15 mg/kg vs. placebo (-9.2% , 14.2%). 
The x 2 (Cochran-Mantel-Haenszel) p value is shown adjusted for region and (in parentheses) 
for the unadjusted value. 

. Twenty-eight-day, all-cause mortality rates in patients who received 1 5 or 3 mg/kg of 
murine monoclonal antibody to recombinant human tumor necrosis factor-alpha (BAY 
times 1351) or placebo. 
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. Baseline characteristics of patients in shock who received 15 or 3 mg/kg of murine 
monoclonal antibody to recombinant human tumor necrosis factor-alpha (BAY times 
1351) or placebo. There were no patients in the McCabe and Jackson rapidly fatal group. 
Some patients had no underlying condition 
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. Distribution of infection sites for patients in shock who received 15 or 3 mg/kg of 
murine monoclonal antibody to recombinant human tumor necrosis factor-alpha (BAY 
times 1351) or placebo 
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. Distribution of causative organisms in patients in shock who received 15 or 3 mg/kg of 
murine monoclonal antibody to recombinant human tumor necrosis factor-alpha (BAY 
times 1351) or placebo 
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. Number of patients in each group (15 or 3 mg/kg of murine monoclonal antibody to 
recombinant human tumor necrosis factor-alpha [BAY times 1351] or placebo) at risk for 
shock on days 0, 7, 14, and 28 
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ARDS, acute respiratory distress syndrome; DIG, disseminated intravascular coagulation. 
For definition of Pulm-non-ARDS, see Tran et al (22). 



. Development of organ failure among patients in shock who received 15 or 3 mg/kg of 
murine monoclonal antibody to recombinant human tumor necrosis factor-alpha (BAY 
times 1351) or placebo, and who survived 28 days 
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. Number of patients in each group (15 or 3 mg/kg of murine monoclonal antibody to 
recombinant human tumor necrosis factor-alpha [BAY times 1351] or placebo) at risk for 
organ/system failure on days 0, 7, 14, and 28 
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ARDS, acute respiratory distress syndrome; DIC, disseminated intravascular coagulation. 
For definition of Pulm-non-ARDS, see Tran et al (22). 

. Resolution of organ failure among patients in shock who received 15 or 3 mg/kg of 
murine monoclonal antibody to recombinant human tumor necrosis factor-alpha (BAY 
times 1351) or placebo, and who survived 28 days. 



j^pj © 1994 Nature Publishing Group http://www.nature.com/naturebiotechnology ( ^ 

/RESEARCH 



Guiding the Selection of Human Antibodies 
from Phage Display Repertoires to a 
Single Epitope of an Antigen 

Laurent S. Jespers 1 , Andy Roberts 2 , Stephen M. Mahler 2 , Greg Winter 1 and Hennie R. Hoogenboom 1 2 * 

•MRC Centre for Protein Engineering, MRC Centre, Hills Road, Cambridge CB2 2QH f U.K.; Cambridge Antibody Technology Ltd., The 
Science Park, Melbourn, Cambridgeshire SG8 6ET, U.K. Present address. (L.S.J.) Corvas International N.V., Jozef Plateaustraat 22. B-9000 Gent, 
Belgium; (S.M.M.) University of New South Wales, P.O. Box 1, Kensington, NSW, Australia. Corresponding author. 

We have developed a strategy for guiding the selection of human antibody fragments from phage display 
repertoires to a single epitope of an antigen, using rodent monoclonal antibodies as a template. Thus the 
heavy chain of a rodent antibody (MAb32) directed against human tumor necrosis factor a (TNFa) was 
cloned and paired as a template chain with a repertoire of human light chains for display as Fab fragments 
on filamentous phage. The phage were selected by binding to the antigen. The selected human light chains 
were in turn paired with a repertoire of human heavy chains displayed on phage, and the phage selected 
again. The isolated phage displaying human antibody fragments binding to TNFa also bound to a peptide 
comprising the N-terminal region of TNFa as with MAb32. One of the human Fab fragments was recloned 
for expression as a glycosylated human antibody in mammalian cells: Binding to TNFa could be com- 
peted with MAb32 or with anti-serum to the peptide, indicating the same epitope. The human antibody 
was found to have a binding affinity (1^=15 nM) similar to MAb32 (K«=26 nM). The process contrasts 
with existing means of "humanizing" rodent monoclonal antibodies in that the antibodies derived are 
completely human. 
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It has become possible to make antibodies from large 
combinatorial repertoires of antibody fragments displayed 
on filamentous bacteriophage by selection with antigen 1 
(for review see ref. 2). Antibodies have been isolated that 
bind as strongly as those isolated using hybridoma tech- 
nology 37 , and against a range of antigens, including hap- 
tens 7 - 8 and foreign antigens 5 , self-antigens 69 , viral 
antigens' 0 cell surface antigens 6 12 and even proteins of the 
lumen of the endoplasmic reticulum such as BiP'\ 

The antigenic epitopes recognized by the selected antibodies 
can be mapped, and this has led to the identification of new 
epitopes of p53 (ref. 13). However, antibodies are also required 
against known epitopes, for example against the neutralizing 
epitope of a virus, and it is therefore desirable to be able to focus 
the selection of antibodies to a single epitope. Recently antibody 
heavy and light chains of a mouse monoclonal antibody (MAb) 
against a hapten were used to isolate human antibodies in which 
key hapten-binding contacts were retained 14 . Here we have used 
the same principle, guided selection (or epitope imprinted selec- 
tion 2 ), to make a human antibody against a single epitope of 
TNFa recognized by the rodent antibody MAb32. The process 
takes as a starting point one of the large number of rodent MAbs 
that have already been isolated to many desirable epitopes. 

As depicted in Figure 1, the rodent heavy chain is cloned for 
display as a repertoire of hybrid Fab fragments by combination 
with a repertoire of human light chains fused to phage. Each 
phage thus displays the same (mouse) heavy chain in combina- 
tion with one human light chain from the repertoire. The phage 
repertoire is then selected with antigen. The human light chains 
emerging from the selection arc then combined with a repertoire 
of human heavy chains fused to phage, and the phage selected to 
yield entirely human Fab fragments. The rodent antibody 
thereby provides a template chain to guide the selection. Alter- 
natively the rodent light chain could also be used as a template. 




repertoire Human Antibody 
FIGURE 1. The principle of guided selection (see text). 
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FIGURE 2. Binding of phage displaying Fab fragments to 
human TNFa and peptide 301 by ELISA. One chain is fused to 
g3p (indicated by * ). Mo (mouse M Ab32 heavy or k light chain), 
A2 (human K light chain); P3, L2 (human heavy chains); 
phage fd. 



Results 

We used a two replicon system 15 for the phage display of Fab 
fragments. First we displayed Fab fragments from the MAb32 
hybridoma. The heavy chain gene (mouse V„-human Qil) was 
cloned into a plasmid vector for secretion of the heavy chain 
from the bacteria; the light chain gene (mouse V*-human O) 
was cloned into a phage vector for fusion with the phage coat 
protein (g3p). When the bacteria were infected with the fd- 
phage, phages were produced that bound to human TNFa. 
Similar results were obtained when the heavy chain was 
anchored on phage, and the light chain provided as a soluble 
fragment. Each chain was then used* to guide the selection of 
human antibodies. 

Guided selection. A repertoire of 10 7 human X light chains 
fused to phage was used to infect bacteria harboring the soluble 
M Ab32 heavy chain, and the progeny phage selected by binding 
to TNFa-coated tubes. The selected phage bearing light chains 
were then used to infect bacteria harboring the soluble mouse 
heavy chain, and the phage clones were tested for binding to 
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TNFa by ELISA. After the first round of selection, no binders 
(0/16) were detected; after four rounds most (24/28) phages 
bound. Three light chains were identified by sequencing the 24 
clones, and the sequences, A2, Dl and C4 (Table 1 ), were found 
to be derived from the same X germline segment DPL3 (nomen- 
clature as in ref. 16). We failed to isolate strong binders from a 
repertoire of 1 .4x 10 ? human k chains. 

The selected human X light chains were recloned into a 
plasmid for expression, and were now used to guide the selec- 
tion of a repertoire of 5 X 10* human heavy chains fused to phage. 
Binders were detected after 5 rounds of selection, and sequenc- 
ing revealed three unique human heavy chains, PI, P2 and P3 
(Table 1), derived from the same germline segment DP51 (ref. 
17). All three selected V H -genes had relatively short CDR3 
loops (8, 9 and 10 residues), but shared little homology in this 
sequence. 

To show that the mouse light chain was also able to guide the 
selection, it was paired with the repertoire of human heavy 
chains fused to phage. After four rounds of selection, two 
human heavy chains, L2 and L8, derived from the same 
germline segment DP46 (nomenclature as in ref. 17), were 
isolated from phage binding to TNFa. The L2 and L8 heavy 
chains could also be paired with the human A2 light chain to 
form a TNFa-binding Fab fragment. 

Binding specificity and affinity. The phage displaying 
mouse MAb32 Fab fragment (Mo-Mo* of Fig. 2) bound by 
ELISA to a peptide (peptide 301), comprising in part the epitope 
on TNFa (the first 18 residues of human TNFa 18 ). All the 
selected hybrid or human Fab fragments displayed on phage also 
bound to the peptide, illustrated for several heavy and light chain 
combinations in Figure 2, indicating that the selection had been 
guided to a single epitope of TNFa. 

The human antibody light (A2) and heavy (P3) chain genes 
were recloned for production as whole antibody by myeloma 
cells, and characterized further. Antibody P3A2 (and MAb32) 
bound to TNFa by ELISA, and no significant binding was 
detected to keyhole limpet haemocyanin, ovalbumin, cyto- 
chrome c, bovine serum albumin, human thyroglobulin, or 
2-phenyloxazol-5-one-BSA or to plastic (not shown). The anti- 
body P3A2 appeared to bind to the same epitope of TNFa as 
MAb32, as its binding could be competed with MAb32 or with 
sheep anti-301 serum (Fig. 3A and 3B). Furthermore, the P3A2 
antibody bound to peptide 30 K and (like MAb32) preferentially 
to TNFa with four N-terminal residues deleted (Fig. 3D). 



TABLE 1. Deduced protein sequences of V H and V L genes of antibody fragments binding to human TjlFot, 



A. Light chains 
Clone FR1 

MAM2 AfELTQPAlLSASPGGKVTMTC 

DPL3 QSVLTQPPSASGTPGQRVTISC 

A2 S-V-A A---K 

C4 S- — 

Di A- 



CDR1 

RASSSVSYMH 

SGSSSNIGSNYVY 
N 



FR2 

WYQQQKFGSSPKPW 
WYQQLPGTAPKLLIY 



CDR2 FR3 CDR3 

ATSNLAS CVPTRFSGSCTOTSYSLTISRVEAEDAATYYC QQWSRNPFT 

RNNQRPS GVPDRFSGSKSGTSASLAISGLRSEOEADYYC 

S 



FR4 

FGSGTKLE1K 



AAWDDSLSG 

RRVV — G TVLG 

ROW "G----TVLG 

RDYV --T— VTVLC 



B. Heavy chains 
Clone 



MAb32 

DP51 

PI 

n 

P3 

DP46 

U 

LS 



FR1 CDR1 FR2 CDR2 FR3 

QVKLOOSGAELVKPGASVKMSCKASGYTFA SYWIN WVKQRPGQGLEWiC HIYPVRSITKYNEKFKS KATLTLDTSSSTAYMQLSSLTSEDSAVYYCSR 

EVQLVESGGGLVQPGGSLRLSCAASGFTFS SYSMN WVRQAPCKGLEWVS YISSSSSTIYYADSVKG RFTISRDNAKNSLYLQMNSLRDEDTAVYYCAR 

A-S T 









QVQLVESGGGVVQPCRSl.RLSCAASGFTFS 


SYAMH WVRQAFGKGLEWVA VISYDGSNKYYADSVKG 


RFTISRDNSKNTLYLQMNSLRAEDTAVYYCAR 



CDR3 

GDSDYYAMDY 

SLVGALDY 
SSWYGGYD 
SVDYGMDV 



FR4 

WGQGTTVTVSS 

L 

L 



GGLCTYYYD5SGHKCFDP 
GRYCSGGSCSPFDY 



L-- 

L __ 



MAb32 V-gcnes and selected human V-genes aligned to their closed germline; identical residues in the selected genes are represented by 



hyphens (except in CDR3); FR. framework region; CDR, complementary determining region. 
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The MAb32 antibody is reported to have an affinity of about 
9 nM by R1A 19 . Here we determined the affinities by equilibrium 
capture 2021 of MAb32 and P3A2 antibodies as 21 nM and 11 nM 
respectively (Scatchard plot; not shown) or 26 nM and 15 nM 
(Klotzplot; Fig. 4). 

Discussion 

We have used the heavy chain of a rodent MAb directed 
against human TNFa to guide the selection of a repertoire of 
human Fab fragments displayed on phage. We thereby suc- 
ceeded in making human Fab fragments directed against human 
TNFa. The selected phage bound to a peptide (peptide 301) 
comprising the N-terminal portion of TNFa, suggesting that the 
selection had been guided to the same epitope recognized by the 
rodent MAb (Fig. 2). One of the selected human Fab fragments, 
P3A2, was expressed in mammalian cells as a complete anti- 
body, and also bound to TNFa and peptide 301 ; the binding was 
competed with MAb32 or with anti-301 serum. Like MAb32, 
the binding of antibody P3A2 was enhanced to a mutant of 
TNFa with an N-terminal deletion of four residues (Fig. 3). It is 
clear that antibodies MAb32 and P3A2 recognize the same 
epitope with similar affinities. 

We envisage that the complementarity between the surface of 
the antigen and the mouse template chain helps drive the new 
contacts made by the repertoire of human chains to the same 
epitope. It would therefore be expected that the antibody P3A2 
has the same "footprint" on the antigen as MAb32 and that the 
relative orientations of heavy and light are similar. However the 
molecular contacts from the antibody to the antigen are likely to 
be different. The LI loops and L3 loops in P3A2 (X chain) are 
longer than the loops from MAb32 (k chain), and the H3 loop 
is shorter, indicating that the conformations of three of the anti- 
gen binding loops are different. In general, the differences in 
the structure of the binding site could give rise to differences 
in recognition of related antigens and of unrelated antigens, 
and may provide, for example, a means of losing an unwanted 
cross-reactivity. 

The apparent lack of structural homology between MAb32 
and the selected human antibodies contrasts with the guided 
selection of human antibodies to the hapten phenyloxazolone 
(phOx), where several of the key contacts to hapten were 
retained 14 . This may reflect the lack of human light chains with 
similar hypervariable loop conformations to the MAb32 light 
chain: there are no human Vk segments with 10 residue LI 
loops, as in MAb32 (ref. 22). It may also reflect the differences 
between binding sites for haptens and protein antigens. Thus 
haptens are often located in a cavity at the base of the hyper- 
variable loops with contacts to relatively conserved residues, 
whereas with protein antigens, the contacts are often made at the 
tips of the hypervariable loops (A. Murzin and C. Chothia, 
personal communication). Although the presence of structural 
homology does not appear to be essential, it would presumably 
be desirable. 

It is interesting to compare guided selection with other possi- 
ble strategies for making rodent or human antibodies against a 
single epitope using phage technology. In principle, rodent 
MAbs could be used to screen phages raised against many 
epitopes by binding competition, or used in the selection process 
to elute the phage from the antigen. The strategy of guided 
selection would be expected to impose further constraints, for 
example the same footprint and orientation of antibody heavy 
and light chains on the epitope. However, the sequential pairing 
of each repertoire with a template chain is also likely to sample 
pairings of human chains rarely encountered even in large reper- 
toires 4 21 . For example, it would be difficult to sample all possible 
combinations of 10 6 light chains and 10* heavy chains of a 
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FIGURE 3. Binding of complete antibodies to human TNFa by 
ELISA. (A) Competition of MAb32 with anti-301 serum or with 
control antiserum (anti-fd, ref. 1); (B) Competition of P3A2 with 
anti-301 serum; (C) Competition between P3A2 and MAb32; (D) 
Binding to TNFa or TNFa with N-terminat deletion of 4 residues 
(TNFA4); MAb12, mouse antiTNFa antibody binding equally to 
both forms 19 ). 
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FIGURE 4. Binding of complete antibodies to human TNFa by 
Keq assay. Plotted is the total antibody concentration divided 
by the concentration of the complex (y) versus the reciprocal of 
the total TNFa concentration (nM) (x). 
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random combinatorial repertoire 24 . 

Guided selection may also provide an alternative means of 
humanizing rodent MAbs (for review see ref. 25). Thus in 
CDR-grafted or reshaped antibodies, the hypervariable loops of 
a rodent antibody are transplanted to a human antibody 26 , so as 
to recreate the antigen binding site. The epitope and specificity is 
thus retained, but the antibody includes some rodent sequences. 
By contrast in guided selection, the antigen binding site and 
specificity are most likely to differ, the epitope is retained, but 
the antibodies are entirely human. It remains to be seen whether 
guided selection wil prove as general as CDR-grafting, but we 
expect operational rules to emerge with further examples. 

Experimental Protocol 

Cloning of the V-genes of MAb32. The genes of the mouse M Ab32 
antibody (a2b, k; gift from D. Rathjen) were amplified by the polymerase 
chain reaction (PCR) essentially as described 3 . The mouse V H and Vk 
genes were obtained from the MAb32 cell tine, assembled as scFv genes 3 , 
and cloned into phagemid pHENl (ref. 15). 9/96 clones secreted soluble 
scFv fragments binding to TNFa in ELISA, and were sequenced (Table 
1). The mouse Vk and V n genes were linked to the human Ck gene or 
human ^-C H 1 gene respectively by splice overlap extension. The mouse 
Vk gene was amplified from scFv-MAb32 DNA with primers 
MVKBASFI/MJK 1 FORNX (see below for a complete listing of the 
sequences of all the oligonucleotides used); the human Ck gene was 
obtained by PCR from the mouse-human chimaeric NQ 10. 12.5 light chain 
gene' 5 , with primers M VK-HCK-BACK/HCK-NOT-NM . The two PCR 
fragments were mixed and amplified with MVKRASFI/HCfC-NOT-NM 
followed by cloning as a Sfil-NotI fragment into pUC19SNmyc (for 
expression as free light chain ,4 ) t or amplified with MVKBAAPA/HCK- 
CYSNOT followed by cloning into fd-tet-DOGt 3 as an ApaLI-NotI frag- 
ment (for phage display). Similarly, the mouse V H gene was amplified 
from scFv-MAb32 with LMB3/MVH1FOR-2 and combined with the 
human ^-C H 1 gene (obtained from human IgM-derived cDNA 7 with 
MVH-HCH1/HCM1F0N0). The assembled V H -C„1 DNA was ampli- 
fied by appropriately tagged oligonucleotides and cloned into pUC19SN- 
myc or fd-tet-DOGl (as above). 

Construction of human libraries, k, X light chain and /-i-specific 
heavy chain cDNA was made frc>m the mRNA prepared from the periph- 
eral blood lymphocytes containing approximately 10 8 B- lymphocytes from 
two healthy human donors essentially as in reference 7. The first- strand 
cDNA synthesis was performed with primers HCM1 FOR, HCLFOR and 
HCKFOR for specific, X and k libraries respectively, and the V-genes 
amplified as decribed 7 with appropriate family-based back and forward 
primers. Approximately 50 ng of the primary PCR product was reampli- 
fied in a second PCR using appropriate oligonucleotides appended with 
ApaLI and Not! restriction sites for cloning. After PCR, the three reper- 
toires (^i , X and k) were digested with ApaLI and NotI and cloned into fd- 
tet-DOGl, to obtain libraries of 5X10 6 clones for /i-derived V K C H 1, 
J .0 x 10 7 clones for VXCX, and 1 .4 x 10 7 clones for VkCk. The frequency 
of inserts in each of libraries was >95% as judged by PCR screening of 
clones using fd-SEQl and fd-PCR-BACK 3 . Phages were prepared by 
growing at 37 °C in 2xTY with 15^g/ml tetracyclic and collected after 
two rounds of PEG-NaCl precipitation as in ref. 1 . 

Recloning selected light chains for free expression. Human light 
chains VXA2, VXD1 and VXC4 were amplified from fd with 
HVL1 BACKS FT and HCL1 FORAMBNOT and cloned into pUC19SN- 
myc 1 * (as Sfil-NotI fragments) for expression as free light chains. 

Recloning of human V-genes for expression as a complete human 
antibody. The selected human heavy P3 and light A2 genes were recloned 
in pSV-derived plasmids pALYS30 and pALYS17 repectively, essentially 
as described 28 - 29 . The human VH gene was linked to the human a-1 gene 
and the human VX and CX were cloned together (details of cloning on 
request). After co-transfection of SP2/0 cells with both plasmids, a cell 
line producing a complete human antibody (al, X) was isolated. The cell 
line was adjusted to protein-free medium, and antibody purified from the 
supernatant using affinity chromatography on Protein A-Sepharose. 

Preparation of phage displaying Fab fragments on the surface* 
E. coli cells containing plasmid encoding antibody heavy or light chain for 
expression as free chains were infected with a 20-fold excess of phage 
displaying the partner chain(s) (or, after panning, with 1 ml eluate with 
variable titre). Phage was prepared from an overnight culture by two 
rounds of PEG-NaCl precipitation (see refs. I and 7 for experimental 
details). 

Selection of TNFu binders. Immuno tubes (Nunc) were coated over- 
night with 2 ml TNFor (10 in 50 mM bicarbonate buffer (pH 9.6). 
Recombinant human TNF-a (produced in yeast, specific activity of 
3.2 x 10 7 units/mg) was a gift from D. Rathjen, Peptide Technology (Aus- 
tralia). Incubation with phage, washing and elution conditions were as 
described in reference 7. E. coli expressing the free chain were infected 
with the eluted phage and grown with tetracyclin (15^g/ml) for amplifica- 
tion of the selected phage population (as described above). 

ELISA. Individual phage clones displaying heavy and light chains 



were assayed for binding by ELISA, by infecting E. coli expressing the 
complementary chain. Phage displaying Fab fragments were prepared 
from overnight cultures by PEG-NaCl precipitation and 50 jd assayed in 
ELISA. Human TNF-a (10 /ig/ml in 50 mM NaHC0 3 buffer, pH 9.6, or 
PBS) was coated by overnight incubation at 4°C onto plastic ELISA plates 
(Falcon 3912) at 50 fxl/wcW. After washing with PBS, blocking for 2 hours 
with 2% dried skimmed milk powder (Marvel), 50 /d phage per well was 
added to 50 jd 4% Marvel, after which the ELISA was continued (with 
anti-fd phage serum) as described 7 . For the detection of binding to 
the MAb32 epitope, peptide 301 (H-VRSSSRTPSDKPVAHVVA-OH; gift 
from D. Rathjen) was coated by overnight incubation at room temperature 
(10 ^g/ml peptide in PBS; 100 /xl/well). The wells were blocked for 
2 hours with 3% BSA, and the ELISA continued as above (using incuba- 
tions with Marvel). For competition and specificity ELISAs with the com- 
plete antibodies, human antibody P3A2 purified on Protein A Scpharose 
(0.2 mg/mJ), hybridoma supernatant containing MAb32 (at approxi- 
mately 1 fig/ml) and anti-301 peptide serum raised in sheep (gift from 
D. Rathjen) were used. Detection of bound antibody was with either 
peroxidase-labeled goat anti- mouse (or anti-human) IgG (Fc-specific) 
reagents. 

DNA sequencing. The nucleic acid sequences of selected V-regions 
were determined by the dideoxy chain termination method 30 using a 
Sequenase kit (USB) and appropriate sequencing primers. Murine 
MAb32 V-genes cloned into pHENl were sequenced with pHEN-SEQ 
and LINKSEQ 30 ; human V H genes were sequenced with a primer situated 
in the human C H l(ji) region (HCH 1-FORSEQ2), while for human VX 
genes, HLAMBDASEQ was taken. Sequences were analyzed using the 
program Mac Vector 4.1 (IBI Kodak, New Haven, CT) and using a data- 
base of human V H and V x genes 15 n . 

Affinity determinations. The affinities were determined by ELISA to 
measure an affinity constant as described in references 20 and 21 . Mea- 
surements were done in triplicate. 

Alphabetical list of oligonucleotides: 
fd-PCR-BACK 5-GCG ATG GTT GTT GTC ATT GTC GGC-3' 

fd-SEQl 5'-GAA TTT TCT GTA TGA GG-3' 

HCH 1 -FORSEQ2 5'AGG AAG TCC TGT GCG AGG C AG-3 
HCK-NOT NM 5 '-GAG TCA TTC TCG ACT TGC GGC CGC 
TTA TTA ACA CTC TCC CCT GTT GA A GCT 
CTT-3' 

HCKCYSNOT 5 -GAG TCA TTC TCG ACT TGC GGC CGC 

ACA CTC TCC CCT GTT GAA GCT CTT-3' 

HCKFOR 5 '-AC A CTC TCC CCT GTT GAA GCT CTT-3 ' 

HCL1 FORAMBNOT 5 -CCA CGA TTC TGC GGC CGC CTA TGA 
ACA TTC TGT AGG GGT CAC TGT-3' 

HCLFOR 5'-TGA ACA TTC TGT AGG GGC CAC TGT 

CTT-3' 

HCM1FONO 5 'CCA CGA TTC TGC GGC CGC CAC TGG 

AAG AGG CAC GTT CTT TTC TTT-3' 
HCM1FOR 5'-TGG AAG AGG CAC GTT CTT TTC TTT- 3' 

HLAMBDASEQ 5'-GTG TGG CCT TGT TGG CTT G-3' 
HUVHBACKAPA HuVHBACK primers appended with 5'-CAT 
GAC CAC AGT GCA... (with C as first nucleo- 
tide for all six primers) (ref. 7) 
HUV«/XBACKAPA HuVk/XBACK primers appended with 5'-TGA 

GCA CAC AGT GCA CTC. . . (ref. 7) 
HVL1BACKSFI 5 -GTC CTC GCA ACT CGC GCC CAG CCG 
GCC ATG GCC CAG TCT GTG TTG ACG CAG 
CCG CC-3' 

LMB3 5 -CAG GAA ACA GCT ATG AC-3' 

MJK 1 FORNX 5'-CCG TTT GAT TTC CAG CTT GGT GCC-3' 

MVH-HCHI 5 -GGG ACC ACG GTC ACC GTC TCC TCA 

GGA AGT GCA TCC GCC CCA ACC CTT 

TTC-3' 

MVH1FOR-2 5 -TGA GGA GAC GGT GAC CGT GGT CCC 

TTG GCC CC-3' 

MVHBACKSFI 5 -CAT GCC ATG ACT CGC GGC CCA GCC 

GGC CAT GGC C(C/G)A GGT (C/G)(A/C)A 

(A/G)CT GCA G(C/G)A GTC (A/T)GG-3' 
MVH 1 BACKAPA 5 -CAT GAC CAC AGT GCA CAG GTS MAR 

CTG CAG SAG TCW GG-3' 
MVK-HCK-BACK 5-GGC ACC AAG CTG GAA ATC AAA CGG 

ACT GTG GCT GCA CCA TCT GTC TTC-3' 
MVKBAAPA 5 -CAC AGT GCA CTC GAC ATT GAG CTC 

ACC CAG TCT CCA-3' 
MVKBASFI 5'-CAT GAC CAC GCG GCC CAG CCG GCC 

ATG GCC GAC ATT GAG CTC ACC CAG TCT 

CCA-3' 

pHEN-SEQ 5'-CTA TGC GGC CCC ATT CA-3' (with 

S-C/G, M=A/C, R-A/G and W=A/T) 
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